The objective of the current study was to determine the effects of partial replacement of soybean meal with corn gluten meal on lactation performance and nitrogen (N) efficiency in lactating Holstein dairy cows. Nine multiparous lactating cows in mid lactation (109 ± 19 days in milk) received three treatments in a 3 × 3 Latin square design for 21 days. The three treatments consisted of i) Ctrl: low protein diet with 15.2% crude protein (CP); ii) SBM: soybean meal-based diet with 18.4% CP; and iii) CGM: soybean meal partially replaced with corn gluten meal with 18.3% CP. Two pre-planned orthogonal contrasts were used to compare the treatments: i) Prot compared Ctrl and average of SBM and CGM to see the effect of increasing protein supplies; and ii) Rep compared SBM and CGM treatments. Increasing CP supplies did not affect dry matter intake, whereas it significantly increased milk protein and lactose yield by 3.6% and 3.3%, respectively. Increasing CP supplies decreased milk nitrogen efficiency (MNE) by 10.9%. The milk yield, milk component yield, milk composition and feed efficiency were similar in the SBM and CGM treatments. Similarly, no difference was observed on dry matter, N and net energy for lactation (NE L ) intakes between SBM and CGM treatments. However, MNE significantly decreased by 4.8% in the CGM treatment compared with SBM. The results indicated that soybean meal could be partially replaced with corn gluten meal without negatively affecting productive performance. ______________________________________________________________________________________
Introduction
Protein is considered the most expensive nutrient in the diet of a dairy cow (St-Pierre, 2012) . Dietary protein plays an important role in the nutrition of dairy cattle by providing amino acids (AA) and nitrogen (N) to the rumen microbes for microbial protein synthesis. The protein balance in terms of supply versus requirements, and source of proteins used in the diet, plays a key role in total feed cost. Pakistan ranks fourth for milk production in the world and is among the countries with highest milk-to-feed price ratio (Hemme & Otte, 2010) . Soybean meal is among the most common sources of protein in the diet of lactating dairy cows. It contains high content of rumen degradable protein (RDP), good profile of AA (high level of lysine (Lys), and high cell wall digestibility (INRA, 1988) . In dairy cows, increasing protein supplies with soybean meal increased the dry matter intake (DMI), milk yield and milk protein contents (Rego et al., 2008) . However, the low levels of rumen undegradable protein (RUP), low Met/Lys ratio and highly variable prices of soybean meal validate the need to continuously evaluate the potential usage of other protein sources as its replacement. There is also competition for soybean meal between poultry and dairy animals. The high N efficiency in poultry compared with dairy cows, however, makes the use of soybean meal more economical for poultry compared with the dairy industry.
Soybean meal has previously been replaced partially or completely by peas (Liponi et al., 2007; Vander Pol et al., 2008) , field beans (Liponi et al., 2007; Tufarelli et al., 2012) , cassava pulp mixed with urea (Paengkoum & Bunnakit, 2009) , corn gluten meal (Voss et al., 1988; Holter et al., 1992) and canola meal (Broderick et al., 2015) . Among these sources, corn gluten meal has the highest value of RUP because of high concentration of prolamins and glutelins, and a higher Met/Lys ratio (Clark et al., 1987) , making it more suitable as a source that can be fed in combination with soybean meal in the diets of lactating cows. However, the results of replacing soybean meal with corn gluten meal are inconsistent. Previous studies showed that it increased milk production in lactating dairy cows (Fox et al., 2004) , decreased it (Wohlt et al., 1991; Polan et al., 1997) , or showed no effect (Klusmeyer et al., 1990) . The increase observed in most of the studies was a result of higher RUP supplies (Cozzi & Polan, 1994) , whereas the decrease was related to deficient RDP supplies or imbalance in the essential amino acid (EAA) profile (McCormick et al., 2001) . Nevertheless, the objectives of these studies were mostly to investigate the effects of increasing RUP supplies through corn gluten meal. Limited literature is available in which soybean was partially replaced with corn gluten meal without modifying the RUP/RDP ratio in the diets and net energy for lactation.
The authors hypothesized that partial replacement of soybean meal with corn gluten meal would result in similar milk production and DMI at the same crude protein (CP), RUP, and RDP levels in both diets. The objective of the study was therefore to determine the production response of mid lactating Holstein cows when corn gluten meal partially replaced soybean meal in the diet without modifying the RDP/RUP ratio.
Materials and Methods
The experiment was carried out at Sharif Dairy Farms, Chiniot-Pakistan, from February to May 2015 (outdoor temperature 23 °C to 38 °C). All the procedures were followed in accordance with the guidelines set out by the Ethical Committee of University of Veterinary and Animal Sciences (UVAS), Lahore-Pakistan.
Nine multiparous (parity = 2) cows in mid lactation were used in this study. The body weights, milk yield, and days in milk of these cows were 555 ± 42 kg, 34.0 ± 3.7 kg and 109 ± 19 days (mean ± standard deviation), respectively. The three treatments consisted of i) Ctrl, a low protein diet with 15.2% CP; ii) SBM, a soybean meal-based diet with 18.4% CP; and iii) CGM, a diet with 18.3% CP with corn gluten meal partially replacing soybean meal. The diets were iso-energetic and thus designed to provide similar energy (7.13 MJ NE L per kg). In the SBM diet, soybean meal was the main source of protein for the animals and in the CGM diet corn gluten meal replaced 34% of the soybean meal. Urea was used in the CGM treatment to balance the resultant RUP and RDP contents in the two treatments (Table 1 ). The metabolizable protein supplies were similar in the two treatments, that is, 2509 g/d and 2527 g/d in SBM and CGM treatments, respectively ( Table 1 ). The diets were supplied according to a 3 × 3 Latin square design with a 21-day period. The total duration of the experiment was 63 days, following a week of adaptation. The diets were formulated with CPM-Dairy 3.0.10 from Cornell University (Ithaca, NY, USA), University of Pennsylvania (Philadelphia, PA, USA), and Miner Institute (Chazy, NY, USA), based on CNCPS 5.0 (Fox et al., 2004) . The feed was offered five times a day as total mixed ration (TMR) at 01:00, 05:00, 09:00, 13:00 and 17:00 hours and adjusted to yield 10% orts. The first seven days in each treatment were taken as the dietary adaptation period. Cows were fed individually and milked three times daily at 01:00, 09:00 and 17:00 hours. All animals had free access to clean water.
The quantities of diet and orts were weighed daily. Samples of corn silage and refusal were collected twice a week to determine the DM and adjust the TMR for changes in moisture content. The samples of individual ingredients of TMR (corn silage, alfalfa hay and concentrates) were analysed twice during experiment for chemical composition. These samples were collected, dried immediately in a forced-air oven at 60 °C for 48 hours (AOAC, 1980) , and sent to the Animal Nutrition Laboratory, UVAS, for proximate analysis. Samples were analysed for CP, crude ash, ether extract (AOAC, 1980), gross energy (using bomb calorimeter) and neutral detergent fibre (NDF) (Van Soest, 1965) .
Milk yield was recorded daily at each milking, and samples were collected every third day at each milking and assayed with an ultrasonic milk analyser (Ekomilk instrument; Eon Trading Inc, USA) to determine protein, fat and lactose contents.
On the third last day of each period, blood samples were collected from the jugular vein 30 minutes after milking and 15 minutes before feed distribution, and were immediately centrifuged (2000 × g for 15 min) to separate plasma from whole blood. Plasma samples, separated from whole blood, were sent to the Quality Operations Laboratory, UVAS. They were further processed for plasma urea nitrogen (PUN), blood glucose and triglycerides (TG) using kits (HUMAN Max-Planck-Ring 21 D 65205, Wiesbaden, Germany). Plasma urea was hydrolysed in the presence of water and urease to produce ammonia and carbon dioxide. The ammonia from this reaction combined with 2-oxoglutarate and NADH in the presence of glutamate dehydrogenase to yield glutamate and NAD+. The decrease in absorbance was proportional to the urea concentration within the given time intervals. Glucose was determined after enzymatic oxidation in the presence of glucose oxidase. Concentration of TG was determined after enzymatic hydrolysis with lipases. Indicator was quinoneimine, formed from hydrogen peroxide 4-aminoantipyrine and 4-chlorophenol under the catalytic influence of peroxidase. Tests were performed on chemistry analyser Micro Lab 300 (ELITech Group 13-15 bis rue Jean Jaurès 92800 Puteaux-France).
The gross efficiency of metabolizable protein (MP) was calculated by dividing milk protein yield by MP intake. The metabolic efficiency of MP was calculated using following equation: et al., 2000) 5 ME: calculated from the ingredients gross energy by using energy conversion calculator of University of California, Davis 6 NEL: calculated from the ingredients ME by using energy conversion calculator of University of California, Davis
Milk nitrogen efficiency was calculated by dividing milk N yield by total N intake. The data of second and third weeks of every period were analysed using mixed procedure of SAS (2001) according to this statistical model:
Where µ is the grand mean, ε is the random error. Cow was taken as random effect. Two pre-planned orthogonal contrasts were used to compare the treatments: i) Prot: Ctrl vs. others (average of CGM and SBM treatments): to compare the effect of increasing protein supplies in SBM and CGM treatment vs. Ctrl; ii) Rep: SBM vs. CGM: to compare the effect of replacement of soybean meal with corn gluten meal. The significance level was set at P ≤0.05 and the tendency was set at 0.05 < P ≤ 0.10.
Results
Increasing the protein supplies in SBM and CGM diets did not change the DMI and the intakes of ME and NE L (Table 2 ) (contrast Prot, P >0.10). However, increased protein supply (Ctrl vs. SBM and CGM) increased CP intake by 21.5%, and MP intake by 8.14% (P <0.01). The MP balance was slightly negative in Ctrl diet (-4.4 g/d), whereas it was positive in high protein diets (SBM = 122 g/d and CGM = 146 g/d). The ME balance decreased with increased protein supply (Table 2 ; P =0.04). 3 ME: calculated from the ingredients gross energy by using energy conversion calculator of University of California, Davis. 4 NEL: calculated from the ingredients ME by using energy conversion calculator of University of California, Davis. 5 MP balance = MP intake -MP requirement. 6 ME balance = ME intake -ME requirement.
No effect was observed on DM and nutrient intake including protein (CP, N and MP), and energy (ME and NE L ) when soybean meal was partially replaced with corn gluten meal (Table 2 ) (contrast Rep, P >0.10). Similarly, MP and ME balance were not modified (Table 2 ) (contrast Rep, P >0.10).
Increasing the dietary protein supplies in SBM and CGM treatments tended to increase milk yield by 3% compared with Ctrl treatment (Table 3 ) (contrast Prot P = 0.07). Similarly, increasing the protein supply of the diet increased milk protein yield by 3.6% (P = 0.03) and lactose yield by 3.3% (P = 0.04) compared with the Ctrl, respectively. No effect was observed on milk fat yield (contrast Prot, P = 0.16). Partially replacing soybean meal with corn gluten meal had no effect on milk yield, milk component yield, and milk composition (contrast Rep, P >0.10). 
p value, probability, corresponding to the null hypothesis with Prot and Rep contrasts
The results of feed and N efficiencies are presented in Table 4 . Increasing the dietary protein supplies increased feed efficiency in SBM and CGM treatments compared with Ctrl (contrast Prot, P = 0.04). However, the gross and metabolic efficiencies of MP and MNE decreased (P ≤0.01) by 4.8%, 9.8% and 10.9%, in high protein diets (SBM and CGM), respectively, compared with Ctrl. Feed efficiency, gross and metabolic efficiencies of MP were not affected by partial replacement of soybean meal with corn gluten meal (contrast Rep, P >0.10). However, MNE was decreased by 5% in CGM treatment compared with SBM (contrast Rep P = 0.03 As shown in Table 5 , neither increasing the protein content of the diet nor partially replacing soybean meal with corn gluten meal had any effect (P >0.10) on PUN, plasma glucose, and TG. 
Discussion
The objective of the current study was to investigate the effects on milk yield, milk composition and MNE of partially replacing soybean meal with corn gluten meal. The dietary treatments were designed to provide similar energy supplies.
In the present study, the lack of DMI response to the increasing dietary protein supply was similar to other studies, in which protein supplies were increased through diets or infusions in the intestine (Cyriac et al., 2008) . Contrary to the current findings, studies conducted by Faverdin et al. (2003) and Metcalf et al. (2008) showed an increase in DMI by increasing protein supplies. The duration of the experimental period (21 days) in the current study might not be sufficient to observe any clear response on DMI (Cyriac et al., 2008) . Responses to altered protein supply require time to manifest owing to the buffering effect of labile protein reserves, particularly when the CP of the diets is relatively high (≥ 15%) and they have small differences between them. Usually more than four weeks is adequate to test any potential deficiency (labile Histidine reserves of intramuscular carnosine and anserine, dipeptides and circulating haemoglobin) of protein in dairy cows (Kröber et al., 2000; Hristov & Giallongo, 2014) . Moreover, the small increase in MP supplies in the current study (Ctrl vs. SBM and CGM treatments: 7.62%) compared with higher increases (37% and 57%) in studies of Faverdin et al. (2003) and Metcalf et al. (2008) , respectively, might explain the lack of response in DMI.
Dry matter intake remained unaffected when soybean meal was partially replaced with corn gluten meal, which was in agreement with the literature, in which soybean meal was partially or completely replaced with corn gluten meal (Robinson et al., 1998; McCormick et al., 2001 ). Contrary to this, studies indicated a decrease (Polan et al., 1997) and an increase (Cozzi & Polan, 1994) in DMI. The decrease in DMI in the study of Polan et al. (1997) could be owing to the use of a blend of CGM with poultry by-product blood and feather meal. The increased DMI in the study of Cozzi & Polan (1994) could be related to the change in the site of protein digestion (rumen vs. small intestine) owing to increased RUP supplies, as described by Faverdin et al. (2003) . However, the current authors observed no such response, mainly because RUP and RDP supplies were similar in the two diets (CGM and SBM). All experimental diets were formulated to supply a similar amount of energy (as shown in Table 1 ). However, ME balance was lower in the high protein diets compared with Ctrl. The MP/NE L ratio in the current diets was increased in the SBM and CGM treatments (see Table 2 ), resulting in higher utilization of energy for milk protein synthesis by the mammary glands.
Increased protein supply in the CGM and SBM diets tended to increase milk yield compared with Ctrl, which was in agreement with Imran et al.( 2017) . Increased protein and lactose yields observed in CGM and SBM diets compared with Ctrl were in agreement with the findings of Imran et al. (2017) .
In the present study, the authors observed no effect of partially replacing soybean meal with corn gluten meal on milk yield. Previous studies showed that it increased milk production in lactating dairy cows (Cozzi & Polan, 1994; Fox et al., 2004; ), decreased it (McCormick et al., 2001) , or showed no effect (Klusmeyer et al., 1990) .
The increased RUP (CGM and SBM treatments) had RUP 42.3% vs. 34.3% of CP, respectively) and MP supplies might explain the increased milk yield in the study of Cozzi & Polan (1994) . Moreover, the treatments were not iso-nitrogenous (Cozzi & Polan, 1994) . On the other hand, the possible explanation for a decrease was insufficient energy supplies required for efficient protein utilization (McCormick et al., 2001) . The variation in milk yield response might also be the effect of variations in DMI in these studies. The changes in milk production were related more to variations in DMI (or, in other words, the supply of MP). DMI was unaffected in the studies of Wohlt et al. (1991) and Klusmeyer et al. (1990) , whereas it increased in the study of Cozzi & Polan (1994) and decreased in the studies of Polan et al. (1991) and McCormick et al. (2001) . To further research the effect of replacement rate on milk yield, the authors regrouped the studies. The basal diets in those studies were composed principally of corn silage (Cozzi & Polan, 1994; McCormick et al., 2001) , oat pasture (McCormick et al., 2001 ) and alfalfa silage (Robinson et al., 1991) . Figure 1 shows no relationship between replacement rate and the change in milk production. It was reported that high soybean meal and high corn gluten meal diets had imbalanced Lys/Met ratio compared with the ideal (2.9:1) (Rulquin et al., 1993) . This could explain the lack of response on milk in studies replacing soybean meal with corn gluten meal at higher rates. In the current study, SBM treatment was even more imbalanced in the Lys/Met ratio compared with Ctrl and CGM. Hence the authors observed no difference in milk yield between the CGM and SBM treatments. This also indicates that strategy of balancing the EAA profile of diets through rumen protected AA could be used for improving milk response. Nevertheless, the objective of this study was to quantify only the effects of replacement of protein sources on an iso-nitrogenous basis without modifying the EAA profile.
Symbols correspond to the data from following studies: Klusmeyer et al. (1990); Polan et al. (1991) ; Wohlt et al. (1991) ; Cozzi & Polan (1994) ; Keery & Amos (1993) ; Korhonen et al. (2002); McCormick et al. (2001) ; Robinson et al. (1991) ; Seymour et al. (1990); Wheeler et al. (1995) ; Current study Figure 1 Change in milk production, kg/d (y-axis) in response to the replacement (x-axis) of soybean meal with corn gluten meal (g/100g DM) in the literature In the present study, no effect was observed on milk component yield. Not only did milk volume remain unchanged, but the milk composition remained unaffected owing to the similar supplies of RDP and RUP in the two diets. As described earlier, when soybean meal was replaced with corn gluten meal, milk protein yield increased (Cozzi and Polan, 1994) , decreased (Polan et al., 1991; McCormick et al., 2001) , or remained unaffected (Seymour et al., 1990; Robinson et al., 1998) . However, only a few studies reported a change in milk protein concentration owing to the addition of corn gluten meal. The studies of Wohlt et al. (1991) and Klusmeyer et al. (1990) showed a negative effect on milk protein contents when corn gluten meal replaced 75% or more soybean meal. No effect on milk protein contents was observed in diets in which corn gluten meal replaced less than 70% of the soybean meal (Seymour et al., 1990; Keery & Amos, 1993) . Again, if levels of corn gluten meal are too high, this may decrease Lys concentration, which may consequently decrease milk protein concentration (Polan et al., 1991) . The increased protein supplies decreased the efficiency of conversion of dietary N into milk by 10.9% in the current study (see Table 4 ). Previous studies reported a decrease in MNE when dietary CP was increased from 12% to 16% (Cozzi & Polan, 1994) , from14.6% to 18.3% (Broderick & Reynal, 2009 ) and from 15.6% to 18% (Broderick et al., 2008) . The efficiency of utilization of dietary N for milk protein synthesis depends on the protein to energy ratio (MP/NE L ) and declines with an increasing MP/NE L (Hof et al., 1994) . The diets in the current study were not balanced for EAA. It could be possible that the absorbed AA that were not utilized for the synthesis of milk proteins were de-aminated by the liver to urea, which ultimately reduced the MNE in high protein diets (Wohlt et al., 1991) . The numerically high PUN observed in the SBM and CGM diets compared with the Ctrl diet could explain this mechanism. Milk urea nitrogen (MUN) is correlated with the PUN and can be estimated through the equation (milk urea nitrogen = 0.620 × PUN + 4.75) derived by Broderick & Clayton (1997) . The average MUN value calculated from the PUN value in the current experiment was 17.2 mg/dL (Ctrl = 16.1, SBM = 17.8, and CGM = 17.8 mg/dL), which was above the range of 10 to 16 mg/dL that is recommended by some researchers (Jonker et al., 1999; Wattiaux et al., 2005) . The recommended range of MUN (10 to 16 mg/dL) was particularly associated with ration CP less than 17%. The researchers from University of Wisconsin (Wattiaux et al., 2005) suggested that for each 1% increase in CP there was a 2 mg/dL increase in MUN when the diet contained 15% to 18.5% CP. In the current experiment, the average CP of the diets was 17.3%, which corresponded with the MUN value above the recommended range. In the current study, partial replacement of soybean meal with corn gluten meal decreased MNE, which was in agreement with the study conducted by Klusmeyer et al. (1990) , and contrary to the findings of Wohlt et al. (1991) in which they reported no change. This change in MNE was due mainly to a slightly higher N supply in the CGM as opposed to the SBM treatment. However, because the authors designed the diets to provide similar MP supplies, the gross and metabolic MP efficiencies remained unaffected between the CGM and SBM treatments. Partial replacement of soybean meal with corn gluten meal did not change feed efficiency, which was in agreement with the findings of Robinson et al. (1998) in which soybean meal was partially or completely replaced with corn gluten meal. Contrary to this, Keery & Amos (1993) found increased feed efficiency from 1.8 to 1.9 owing to decreased DMI when soybean meal was completely replaced with heat-treated soybean meal plus corn gluten meal.
Conclusions
In conclusion, milk yield and milk component yield (except milk fat) increased as the dietary protein increased from 15.4% to 18.3% of DM. Corn gluten meal could partially replace soybean meal without negatively affecting milk yield and composition under iso-nitrogenous, iso-caloric, and balanced RUP and RDP diets.
